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REQ. AGENT

ACQ. AGENT

IMP-J

1-MIN AVERAGED MAG. VCTS

73-078A-01L

This data set consists of 6 magnetic tapes.

These tapes, blocked 100 logical records/physical record, are
9 track, 6250 bpi, ASCII, created on a VAX computer. Each
file on tape contains data for a month.

The backup is a 3480 cartridge. D and C numbers and time
span are as follows:

D# C# FILES TIME SPAN
D-101582 C-031130 6 07/18/91 12/31/91
D-104084 C-031224 12 01/02/92 12/30/92
D-107639 C-031503 12 01/02/93 12/31/93
D-108018 C-031741 6 01/01/94 06/30/94
D-108211 C-031958 2 01/01/95 03/01/95
D-108385 C-032454 4 02/28/95 06/30/95




01-June-1994

IMP-J
73-078A-01L
1.024 MINUTE AVERAGES
Based on 15.36 second averages

The IMP-J l-minute average data are in ASCII format produced on a
DEC VAX computer.

Note: The time given in calendar day (Jan. 1 = Day 1) beginning
with 1992 data. Pre-1992 data is in Decimal Day, where Jan 1 =
Decimal Day 0.

Note: Record length = 209 bytes, Blocksize = 20900 bytes

ITEM - FORMAT UNITS NOTES
1 Year I3 (2 digit year)
2 Time F10.5 (floating point time

= day.fraction)

3 Month A4 (ex. Jan)
4 Day of month I3
5 Fl F7.2 nanotesla (avg. of field magnitude)
6 F2* F7.2 nanotesla (field magnitude}
7 X F7.2 nanotesla (GSE coord.)
8 Y F7.2 nanotesla (GSE coord.)
9 Z F7.2 nanotesla (GSE coorxd.)
10 Y F7.2 nanotesla (GSM coord.)
11 Z F7.2 nanotesla (GSM coord.)
12  RMS(X) F9.2 nanotesla
13 RMS (Y) F9.2 nanotesla
14 RMS (2) F9.2 nanotesla
15 RMS F9.2 nanotesla
16 space 1X
17  PHI F7.2 degrees (GSE coord.)
18 THETA F7.2 degrees (GSE cooxd.)
19 PHI F7.2 degrees (GSM coord.)
20 THETA . F7.2 degrees (GSM coord.)
21 SCXE E11.3 km (§/C position GSE coord.- X)
22  SCYE E11.3 km (S/C position GSE coorxd.- Y)
23  SCZE E11.3 km © (8/C position GSE coord.- Z)
24  SCYM E11.3 km (8/C position GSM coord.- Y)
25 SCZM E1l1.3 km (8/C position GSM coord.- Z)
26 R 'E11.3 km (radial distance)
27 NP 13 (number of points in average) **
28 Mode I2 (bit rate: 0=low,1=high)
29  DQF 12 {(data quality flag)
30 Gap 12 (data gap flag)

* F2 ig Pythagorean mean of component average

*% NP represents the aggregate number of 1.28 second averages in the
15.36 second averages that are used to develop the 1.024 minute
averages and RMS’'s

Richard S. Kennon GSFC Greenbelt, MD Code 694
Phone: (301) 286-3045
Internet: U4RSK@LEPVAX.GSFC.NASA.GOV




11/15/93

IMP-8
PRELIMINARY 1.024 MINUTE AVERAGES

Gap Flag (item # 29) is in error in 1991 ( July 18 through end
of year) and 1992 datasets. The gap flag is turned on (set to 2) for all
records, whether a gap exists or not.

There is another error in the flag for missing values for
RMS(items #12-#15). The flag should be 99999.0 . However, the
output statement rounded this value to 1.0E+05 (100000.) .

This data will be replaced.

R. S. Kennon 6-3045
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02/01/94

A NOTE IN REFERENCE TO IMP-J (73-078A-01L)}

PLEASE NOTE THE LATER ’91 DATA IS FINE IN MOST REGARDS, EXCEPT THAT THE PI
HAD INCORRECTLY USED A WRONG BZ ZERO OFFSET, WHICH MUST BE REMOVED BEFORE
USING THESE DATA. THE DATA ARE BEING REPROCESSED WITH THE CORRECTION AND
WITH OTHER IMPROVEMENTS. BUT IF YOU DO YOUR OWN CORRECTING, YOU SHOULD NOT
FEEL THE NEED TO BE HELD UP FOR THE NEW PROCESSING. LET ME BE CLEAR ABOUT
THE OFFSET AND ITS SIGN. IF ONE DOES AN ANALYSIS, HE WILL SEE THAT THE FIELD
IS OFF BY A BZ OF (-) 0.56 nT. S0 0.59 MUST BE ADDED TC THE DATA TO CORRECT
IT. [BY THE WAY, TELL CHRIS THIS WAS NOT A DRIFT (THEY ARE VERY SMALL); IT
WAS A BAD JUDGEMENT!] BEST WISHES, AND KEEP IN TOUCH WITH US IN THE USE

OF THESE DATA. THANKS. RON LEPPING PS. ALMOST FORGOT: THE START OF THE
BAD ZERO PERIOD IS 18 JULY ’'91 AND IT ENDS AT THE LAST MINUTE OF THE YEAR.

RON LEPPING




MEMO

Date: June 8, 1993
To: Users of IMP-8 magnetic field data

From: Ron Lepping/IMP-8 Magnetometer PI, NASA-GSFC, Code 695, SPAN address
LEPVAX::U5RPL, phone: (301) 286 5413

Re: IMP-8 magnetic field data: Notification of day-count designation change

As all or most of you know, our IMP-8 magnetic field data since launch has been
labeled according to a Decimal Day scheme, where Jan 1 = Decimal Day 0, instead of the
more common Day-of-Year (DOY) scheme, where Jan 1 = DOY 1. Since our data have
been, and are being, processed within the International Solar-Terrestrial Physics (ISTP)
program since late 1992 as so-called Key Parameters where the DOY designation is used,
we will now convert our in-house processed data (i.e., on LEPVAX/GSFC) to a DOY time
base, starting for that data occurring at the first instant of year 1992, Obviously, we wish to
avoid the uncomfortable position of having two identical magnetic field data sets possessing
two different day-count designations, arising because of the two different sources. All
future data products (tapes, electronic-mail files, paper plots, etc.) will reflect this change.
And as soon as we are able to make the modification, most of these products will also
contain Month and Day-of-Month with the hope that the chance of future day-count errors is
reduced by this redundancy. If we should reprocess any date for periods earlier than the first
instant of 1992, for any reason, we will retain the Decimal Day designation for such data.

We are sorry for any inconvenience that this may cause you or your teams. As Joe
King (IMP-8 Project Scientist) commented recently, “Maybe we can say with pride, at
the end of the IMP mission, that the magnetic field day-count change took place about
half way through the mission!”

-

N

NSSDC will hold its IMP-8 MAG data in adherence to the Decimal Day
and DOY conventions described above, with the 1/1/92 shift in
conventions. Exception to this is OMNI where all data, IMP-8 MAG
included, use DOY throughout. Joe King 6/24/94




NASA

IMP-8 SOLAR WIND MAGNETIC FIELD AND PLASMA DATA IN
SUPPORT OF ULYSSES - JUPITER ENCOUNTER:
13-31 JANUARY 1992

R. P. LEPPING, A. J. LAZARUS, L. J. MORIARTY, P. MILLIGAN,
R. S. KENNON, R. E. McGUIRE, AND W. H. MISH

DECEMBER 25,1992

LABORATORY FOR EXTRATERRESTRIAL PHYSICS

\

LEF

National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771
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APPENDIX A

The magnetic field experiment on the IMP-8 spacecraft (See Figure A-1) utilizes a
tri-axial fluxgate [saturable inductor] magnetometer (sec Ness, 1970). See Scearce et al.
(1992) for a complete deseription of the experiment. The instrument originally had three,
automatically determined, ranges, £12 nT, 36 nT, and £108 nT, full scale. Because of a
range-change circuit failure occurring in early July 1975, the experiment was commanded
into a fixed £36 nT range on July 11 at 1255:09 UT and has been in that range ever since.
The measurements are A-to-D converted onboard, to an 8-bit resolution, yielding £0.14
nT quantization sensitivity, which is larger than the intrinsic sensor noise level of 0.025
nT RMS. The data from the two-bit (per component) adaptive delta modulator,
incorporated into the instrument, and applied to the intrinsic sample rate of 25 vectors/s,
was never utilized, and hence the rate of the full (8-bit) vector words, which occur every
320 ms, represents the effective sample period of the instrument. The sampling rate is
synchronized to the spacecraft clock; the basic spacecraft clock frequency is 6.4 kHz.
The sensor unit is mounted on the end of a boom approximately 4 m from the center of
the spacecraft.

Figures A-2 and A-3 show pictures of the magnetometer board and data processing
unit, respectively, and a list of experiment specifications are provided in Table I. These
units are mounted on the instrument shelf of the spacecraft, which is passively thermally
controlled to the range of -30°C to 50°C. The sensor unit (on the boom) is also passively
thermally controlled, but to a range of -50°C to 50°C. Figure A-4 shows the functional
block diagram of the experiment. Originally planned magnetic field science objectives
were listed by Ness (1966) and those objectives for the IMP-8 mission, as a whole,
appear in a GSFC document entitled “Interplanetary Monitoring Platform, IMP-J.”

TECHNICAL DESCRIPTION OF INSTRUMENT

FLUXGATE MAGNETOMETER

The fluxgate magnetometer is a tri-axial instrument developed and manufactured by
Schonstedt Instrument Company (Figure A-2). All fluxgate magnetometers have in
common a ferromagnetic core(s) which is excited by driving, or gating, a magnetic field
generated by current in a coil which contains the core. The magnetic flux induced in the
core by the gating field is modified by an external magnetic field which generates even
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harmonics on the output winding whose amplitude depends on the magnitude of the
external field.

The Heliflux sensor is a cross between a parallel and orthogonal gated core; see
Schonstedt (1961). When the AC current is applied to the primary winding, the
magnetizing field has components both parallel and transverse to the core strips. The
entire core is cylindrically saturated by the gating field to minimize the remanent
magnetization, or core memory. The secondary winding is wound around the core,
perpendicular to the primary winding. Thus, the coupling between the gating field and
core output is minimized by the physical orientation of the gating and output windings.
(See Schonstedt, 1961, for detailed construction.)

The electronics unit is comprised of a single oscillator-driver, and a preamplifier,
phase detector, volitage bias and output driver for each channel (Figure A-5), Since the
output channels are the same, only one channel will be discussed. The oscillator
generates an AC signal of 24 kHz which is power amplified and fed through the primary
windings of the sensors to cyclically drive the magnetic cores of the sensors into
saturation. The presence of an external magnetic field along the axis of the sensor results
in the generation of even harmonics in the secondary winding of the sensor. The
amplitude of the second-harmonic voltage is proportidnal to the magnitude of the
magnetic field and the phase depends upon the direction of the magnetic field when the
direction is reversed. The second-harmonic signal is amplified by a tuned amplifier. The
tuned pre-amplifier is temperature compensated.

The excitation signal is doubled. This reference signal is then applied to the gate of
an FET and it gates the amplified second harmonic signal. The gated signal is integrated
to form the DC output. With no signal, the phase detector is set to 2.5 VDC. The DC
output is isolated by a DC amplifier.

The sensitivity is controlled by the negative feedback, and the desired range is
obtained by changing the feedback elements. The operating range is determined by 2
binary bits generated by two relays. The range is selected by range change commands
generated in the Magnetometer Processor; 4 command lines are required (but see page
A-1[top]).

A-2
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MAGNETOMETER PROCESSOR

The magnetometer processor in the magnetic field experiment (see Figure A-6) does
the following:

1. . Analog to Digital (A/D) conversion of the magnetic field signals.

2.  Digital filtering of the magnetic field signals.

3. Delta modulation of the magnetic field signals. (This data stream was not
used on-ground.)

4.  Data multiplexing of the two processing systems, (one redundant), hiéh and
low bit rate data, and the combining of the absolute value words and delta
modulation 2-bit words into a serial output bit stream.

Interfacing with the spacecraft data encoder.

Interfacing with the spacecraft for éommands.

Automatic range switching, sensing, control and range relay drive.

Sensitivity calibration control and signal generation.

¥ 0 N o

Mechanical flipper control and drive.

10.  Monitoring of the engineering status.

The magnetometer processor is housed in a standard spacecraft wedge shaped unit
12-7/8 inches high (see Figure A-3). The processor electrical hardware is primarily low
power TTL. The digital filter memory is dynamic MOS, where transistors are used for
driving circuits. Monolithic integrated circuit operational amplifiers and field effect
transistors are used in the A/D converters.

ANALOG TO DIGITAL CONVERTERS

Sampling of the data is done every forty milliseconds in synchronism with an
encoder furnished signal. The data is stored in a sample-and-hold circuit until the internal
timing of the magnetometer processor is ready to commence its sample cycle. All three
axes are sampled simultaneously.

The analog to digital conversion is done by a double ramp (RC charge-discharge)
A/D converter. The converter works by charging the RC circuit with the voltage to be
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measured during a precise time period, discharging the circuit into a negative reference
voltage, and then measuring the discharge time with a crystal controlled clock. Most
component induced errors are canceled out due to charge and discharge of the same RC
components.

There are three sample-and-hold circuits and three A/D converters (one per axis)
per system. For the total of two systems there are six sample-and-hold circuits and A/D
converters. The three A/D converters per system have been used to provide redundancy
so that the system is not lost in the case of a single converter failure.

SYSTEM REDUNDANCY

Redundancy has been built into the processor and encoder to circumvent failures
and/or minimize their impact. There are two main data handling systems (A or B) in the
processor. Each system has a digital filter, a delta modulator, range sensing logic, and
sets of A/D converters. A double set of encoders has also been provided in the
spacecraft, and either of the two processor systems can work with either of the two
encoder systems, so that proper operation can occur with any combination of failures of
one processor system and/or one encoder system. Three A/D converters per system have
been provided, for a total of 6 in the processor, in order to reduce the data loss if one AD
converter is lost.

RANGE SWITCHING LOGIC

The description of the range switching scheme and supporting electronics is
described by Scearce et al., 1992. Since the instrument was commanded into the fixed
136 nT range, as mentioned above, we do not discuss it further here,

QUTPUT MULTIPLEXER

The output multiplexer performs three basic functions:

1. Mixing of the X, Y, and Z absolute data words and delta modulation 2-bit
words into a serial bit stream.

2. Selection of system A or system B data.

3. Selecting the proper number of samples for high and low bit rates.

A-4




All of these functions are performed for both the déta, and for the clocks for the
data. -

TIMING

There are three timing standards for the experiment. Two are derived from crystal
controlled clocks and the other is derived from the encoder timing signals. There are two
separate and identical crystal controlled timing units, one per system (A or B). The
cxpcrimént sampling is done in synchronism with a 40 millisecond encoder signal. The
internal data processing within the experiment is done in synchronism with the crystal
clocks.

Because the memory for the digital filter is dynamic, it is kept running all of the
time. After sampling is done and the data stored in a sample-and-hold circuit, processing
and A/D conversion of the data are held up until the MOS memory is in the proper
position with respect to the processing timing. The data processing sequence is divided
into 8 equal time periods and one variable time period. Period 0 is the variable time
period between the time when the sample-and-hold takes the data and the time that the
MOS memory is in its desired starting state. During periods 1 and 2 the previous sample
of X-axis data is processed in the digital filter. In time period 2 the A/D charge takes
place. The A/D discharge (for all axes) takes place during time periods 3, 4, 5, and 6. In
time period 3 the X-axis data which has been processed by the digital filter is processed
by the delta modulator. During time periods 3 and 4 the Y-axis data is processed by the
digital filter; this data is also from the previous sample time. In time period 5 the filtered
Y-axis data is processed in the delta modulator. In time period 7 the Z-axis data from the
previous sample is brocessed by the delta modulator. In time period 8 of every eighth
sample period the Z-axis is separately processed for both high and low bit rates.
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TABLE]
'MAGNETIC FIELD EXPERIMENT SPECIFICATIONS

Weight
Electronics 551b
Sensor 1.251b

Power
Electronics SW
Thermally oscillating 5W

Actuator (10 min every 46 hours)

Thermal Calibration ‘
Electronics -40°C to +60°C
Sensor -75°Cto +75°C

Zero drift/year 1 aT

Linearity ‘ 1%

Resolution (Sensitivity) 10.05 nT

TABLEII
IMP-8 INITIAL SENSITIVITY CALIBkATION
Range* Counts/nT
D1 D2 D3
12 nT ‘ 101 102 100
136 nT 3.39 337 334

1108 0.927 0.923 0.930

*Since July 11, 1975 the instrument has been fixed in the 36 nT range (see text).
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